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(54) Packing agent for reversed phase liquid chromatography and production process thereof 



(57) The present invention relates to a packing 
agent for reversed phase liquid chromatography, includ- 
ing crosslinked polymer base particles which are ob- 
tained by aqueous suspension-polymerization of a 
crosslinkable vinyl ester or vinyl ether having a hydroxyl 
group within the molecule and which has an exclusion 
limit molecular weight of 100,000 or less in temris of 
standard polystyrene by size exclusion chromatogra- 



phy, wherein an acyl group having from 4 to 24 carbon 
atoms is ester*bonded to a part of hydroxyl groups In 
the crosslinked polymer base particles. The present in- 
vention also provides a production process of a packing 
agent, a column for reversed phase liquid chromatogra- 
phy using the packing agent, and an analysis method 
by reversed phase liquid chromatography using the 
packing agent. 
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Description 

FIELD OF THE INVENTION 

[0001] The present Invention relates to a packing 5 
agent for reversed phase liquid chromatography, a pro- 
duction process of the packing agent, a column for re- 
versed phase liquid chromatography using the packing 
agent, and an analysis method by reversed phase liquid 
chromatography using the packing agent. 

BACKGROUND OF THE INVENTION 

[0002] The separation system of liquid chromatogra- 
phy Includes gel permeation, partition adsorption, ion 
exchange, ion pair, ligand exchange and affinity chro- 
matography An optimal system Is selected according to 
the properties of the substance to be separated. Among 
these, the partition adsorption is most widely used and 
this Includes a nonnai phase mode and a reversed 
phase mode. In the nonnai phase mode, the separation 
occurs due to the hydrophilic Interaction between the 
packing agent and the substance to be separated, and 
in the reversed phase mode, the separation takes place 
due to the hydrophobic Interaction between the packing 
agent and the substance to be separated. In actual prac- 
tice, however, the reversed phase mode is preferred be- 
cause the mobile phase can be selected from a wide 
range and good resolution can be easily obtained. In 
many cases, the partition adsorption may be considered 
to indicate the reversed phase mode. The column used 
for the separation in this reversed phase mode Is a col- 
umn for reversed phase liquid chromatography and the 
separating agent filled thereinto is a packing agent for 
reversed phase liquid chromatography. 
[0003] The column for reversed phase liquid chroma- 
tography Includes silica type and polymer type columns. 
Most commercially available products are silica type 
and among these, a column called ODS column ob- 
tained by chemically bonding an octadecyi group to the 
surface of silica gel Is ovenwhelmlngly predominant, and 
is being used In various industrial and academic fields 
over a wide range. However, the silica-type packing 
agent used in the ODS column is found to have prob- 
lems in that the acid resistance/alkali resistance is not 
sufficiently high and a basic substance readily adsorbs 
thereto. In recent years, investigations have been made 
on various techniques to overcome this problem. One 
of these methods Is to use a polymer-type packing agent 
in place of the silica-type packing agent. Since the 
above-described problem is greatly attributable to the 
base material silica gel, the exchange of the base ma- 
terial itself Is expected as a most essential counter- 
measure. 

[0004] Examples of the polymer-type column for re- 
versed phase liquid chromatography heretofore availa- 
ble on the market or reported include the following: 



(1) styrene-divinylbenzene type crosslinked poly- 
mer particle (e.g., Shodex (trademark of Showa 
Denko K.K.) RSpak RP1 8-41 3 produced by Showa 
Denko K.K.); 

(2) methacrylate-type crosslinked polymer particle 
(e.g., Shodex (trademark of Showa Denko K.K.) 
RSpak DE-413 produced by Showa Denko K.K.); 

(3) poly(vinyl alcohol)-type crosslinked polymer 
particle having chemically bonded thereto a long- 
chain acyl group (e.g., Shodex (trademark of 
Showa Denko K.K.) Asahipak ODP-50 4D pro- 
duced by Showa Denko K.K.); and 

(4) hydroxyl group-containing meth aery late-type 
crosslinked polymer particle having chemically 
bonded thereto a long chain acyl group (see, JP-A- 
4-581 54 (the temi "JP-A" as used herein means an 
"unexamined published Japanese patent applica- 
tion")). 

[0005] These polymer-type columns for reversed 
phase liquid chromatography are generally excellent in 
the acid resistance/alkali resistance, and therefore, one 
of the problems of the ODS column is solved. However, 
another problem that a basic substance readily adsorbs 
still remains unsolved. In addition, the polycyclic aro- 
.matlc compound is liable to have a broad peak. 
[0006] The polycyclte aromatic group of the polycyclic 
aromatic compound is very popular as a partial structure 
of naturally occurring products or medicaments and It is 
disadvantageous if the polycyclic aromatic group cannot 
be sharply separated. Unless separation perfonnance 
equal to or higher than that of the ODS column can be 
obtained for many compounds, the polymer-type col- 
umn for reversed phase liquid chromatography cannot 
have a truly elevated value in practical use despite its 
excellent acid resistance/alkali resistance. Therefore, It 
Is necessary for separation perfomnance to be equal to 
or higher than that of the ODS column. 
[0007] In conventional polymer-type columns for re- 
versed phase liquid chromatography, polycyclic aromat- 
ic compounds are considered to give a broad peak be- 
cause of the following reasons. The particle has an in- 
ternal structure such that flat and slit-like hydrophobic 
micropores are readily fonned and a polycyclic aromatic 
compound easily fits intothe pore present. Furthemriore, 
the hydrophobicity is almost the same between the out- 
side and the Inside of the particle. Therefore, a great 
difference Is generated In the migration speed between 
the molecule that permeated Into the inside and is "fit- 
ted" and the molecule "slipped" on the outside. This is 
individually verified below for the above-described four 
conventional techniques (1) to (4). 
[0008] In the styrene-divinylbenzene type crosslinked 
polymer particle of (1), the skeleton itself of the packing 
agent is an aromatic ring. Therefore, the interaction be- 
tween the hydrophobic micropore and the polycyclic ar- 
omatic compound is highest and the peak is very largely 
broadened. 
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[0009] In the methacry late-type crosslinked polymer 
particle of (2), the skeleton does not contain an aromatic 
ring: however, an interaction is still present between the 
hydrophobic micropore surrounded by a carbonyl group 
and the polycycllc aromatic compound. Thereforep the 
peak is also broadened. 

[0010] In the poly(vinyl alcohol)-type crosslinked pol- 
ymer particle having chemically bonded thereto a long 
chain acyl group of (3), a non-saponified acetyl group 
remains in some hydrophobic' micropores, and there- 
fore, the peak is also broadened. 
[001 1 ] In the hydroxyl group-containing methacrylate- 
type crosslinked polymer particle having chemicaily 
bonded thereto a long-chain acyl group of (4), the Inside 
Is unifomnly hydrophilized by the unreacted hydroxyl 
group. Therefore, even if the polycycllc aromatic com- 
pound migrates into the inside, the residence time Is 
probably short because of low interaction. As a result, 
the hydrophobic interaction is limited to occur only be- 
tween the polycycllc aromatic compound and the long- 
chain acyl group on the surface, and the peak is inhibited 
from broadening. 

[0012] However, when the method of (4) was actually 
perfomried by varying the conditions in several ways, it 
was difficult to form a sharp peak for the polycyclic aro- 
matic compound. From this result, the present Inventors 
thought that another Important factor must be present 
which was not taken Into account In conventional tech- 
niques. 

[0013] The object of the present invention is to eluci- 
date the factor for inhibiting the aromatte compound 
from fomiing a sharp peak and provide speclfk; means 
capable of actually forming a sharp peak for polycyclic 
. aromatic compounds. 

[0014] As described above, JP-A-4-58154 describes 
a crosslinked copolymer particle obtained by chemically 
bonding a long-chain acyl group to a hydroxyl group- 
containing methacrylate-type crosslinked polymer par- 
ticle, which is excellent In the acid resistance and the 
alkali resistance and exhibits very small difference in the 
swelling/shrinkage among various solvents. However, 
this crosslinked polymer particle Is not disclosed as 
fomriing a sharp peak for polycyclic aromatic com- 
pounds, and in the tests performed by the present in- 
ventors, such a phenomenon was not verified. 
[001 5] As a result of extensive investigations to over- 
come the above-described problems, the present inven- 
tors concluded that the pore size of the base particle Is 
generally too large and this is one of the factors causing 
the problems. More specifically if in the base particle 
used, pores have a sufficiently large size for the bulk of 
the long-chain acyi group-introducing reagent to occupy 
almost all of the pores, the long-chain acyl group Is in- 
troduced into the Inside (deeply) of the particle. As a re- 
sult, the object that only the vicinity of the particle sur- 
face is hydrophobized is counteracted. 
[0016] This may be prevented by using a base particle 
In which a large proportion is occupied by pores having 



a relatively small size and not easily allowing Invasion 
of the long-chain acyl group-introducing reagent. Based 
on this estimation, extensive investigations have been 
made for further reducing the pore size of the base par- 

s tide. As a result, It has been found that when a base 
particle having an exclusion limit molecular weight of 
100,000 or less In tenms of the standard polystyrene is 
used, the hydrophobization ratio increases only in the 
vicinity of the surface and in turn the polycyclic aromatic 

10 compound fonns a sharp peak, whereby the above-de- 
scribed problem Is solved. 

SUMMARY OF THE INVENTION 

15 [0017] The present invention relates to a packing 
agent for reversed phase liquid chromatography, a pro- 
duction process thereof, a column for reversed phase 
liquid chromatography using the packing agent, and an 
analysis method by reversed phase liquid chromatogra- 

20 phy using the packing agent. 

[001 8] More specifically, the present invention relates 
to the following matters. 

(1) A packing agent for reversed phase liquid chro- 

25 matography, comprising crosslinked polymer base 
particles obtained by aqueous suspension-polym- 
erization of a crossllnkable vinyl ester or vinyl ether 
containing a hydroxyl group within the molecule, 
and having an exclusion limit molecular weight of 

30 1 00,000 or less in tenns of standard polystyrene by 
size exclusion chromatography, wherein an acyl 
group having from 4 to 24 carbon atoms Is ester- 
bonded to a part of hydroxyl groups . in the 
crosslinked polymer base particles. 

35 (2) The packing agent for reversed phase liquid 
chromatography as described in (1), wherein the 
acyl group Is Introduced In an amount of from 1 to 
30 mol% based on alt hydroxyl groups in the 
crosslinked polymer base particles. 

40 (3) The packing agent for reversed phase liquid 
chromatography as described in (1) or (2) above, 
wherein the acyl group Is one or more groups se- 
lected from the group consisting of a tetracosanoyi 
group, a docosanoyl group, an ercosanoyi group, 

45 an octadecanoyi group, a hexadecanoyi group, a 
tetradecanoyl group, a dodecanoyi group, a de- 
canoyl group, an octanoyl group, a 2-ethylhexanoyl 
group, a hexanoyi group and a butanoyl group. 

(4) The packing agent for reversed phase liquid 
50 chromatography as described in any one of (1) to 

(3) above, wherein a free cart^oxyl group in the 
crosslinked polymer base particles Is capped with 
an Inactive group. 

(5) The packing agent for reversed phase liquid 
55 chromatography as described in any one of (1) to 

(4) above, wherein the crosslinked polymer base 
particles have an average particle size of from 1 to 
200 ^m. 
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(6) A process for producing a packing agent for re- 
versed liquid chromatography, comprising polymer- 
izing in an aqueous suspension a crosstinkable vi- 
nyl ester or vinyl ether containing a hydroxyl group 
within the molecule, classifying the obtained 
crosslinked polymer particles into crossllnked poly- 
mer base particles having an exclusion limit molec- 
ular weight of 100,000 or less in terms of standard 
polystyrene by size exclusion chromatography, and 
ester-bonding an acyl group having from 4 to 24 car- 
bon atoms to a part of hydroxyl groups in the 
crossllnked polymer base particles. 

(7) The production process of a packing agent for 
reversed phase liquid chromatography as de- 
scribed in (6) above, wherein at least one hy- 
drophilic solvent selected from the group consisting 
of alcohols having from 5 to 12 carbon atoms Is 
used as a diluent for aqueous suspension polymer- 
ization. 

(8) The production process of a packing agent for 
reversed phase liquid chromatography as de- 
scribed In (7) above, wherein the diluent is added 
in an amount of 1 0 to 300% by mass based on a 
total amount of monomers. 

(9) The production process of a packing agent for 
reversed phase liquid chromatography as de- 
scribed in any one of (6) to (8) above, wherein the 
acyl group is introduced in an amount of 1 to 30 
mol% based on all hydroxyl groups in the 
crosslinked polymer base particles. 

(10) The production process of a packing agent for 
reversed phase liquid chromatography as de- 
scribed in any one of (6) to (9) above, wherein the 
acyl group introduced is a group selected from the 
group consisting of a tetracosanoyi group, a do- 
cosanoyl group, an eicosanoyi group, an octade- 
canoyl group, a hexadecanoyi group, a tetrade- 
canoyl group, a dodecanoyi group, a decanoyi 
group, an octanoyl group, a 2-ethylhexanoyl group, 
a hexanoyi group and a butanoyi group. 

(11) The production process of a packing agent for 
reversed phase liquid chromatography as de- 
scribed in any one of (6) to (1 0) above, wherein a 
free carboxyi group in the crosslinked polymer base 
particles is capped by an inactive group. 

(12) The production process of a packing agent for 
reversed phase liquid chromatography as de- 
scribed in any one of (6) to (11) above, wherein the 
crosslinked polymer base particles is washed with 
a polar organic solvent and dried immediately be- 
fore the reaction of introducing an acyl group. 

(13) A column for reversed phase liquid chromatog- 
raphy, wherein the packing agent for reversed 
phase liquid chromatography described in any one 
of (1) to (5) above is filled. 

(14) A method for analyzing a sample containing a 
polycyclic aromatic compound by reversed phase 
liquid chromatography, which uses the column for 



reversed phase liquid chromatography described in 
(13) above. 

(1 5) The method for analyzing a sample containing 
a polycyclic aromatic compound by reversed phase 
5 liquid chromatography as described in (1 4) above, 
wherein peaks of benzene, naphthalene, anthra- 
cene and pyrene each deviates from a base tine and 
a ratio of a theoretical plate number of pyrene to a 
theoretical plate number of benzene is 0.7 or more. 

10 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

[0019] Examples of the crosslinkable vinyl ester or 

15 crosslinkable vinyl ether having a hydroxyl group within 
the molecule for use in the present invention include 
glycerol diacrylate. glycerol dimethacrylate, trimethylol- 
propane diacrylate, trimethylolpropane dimethacrylate, 
di- or tri-acrylate of tetramethylolmethane, di- or tri- 

20 methacrylate of tetramethylolmethane, glycerol diallyl 
ether, trimethylolpropane diallyl ether and di- or tri-aliyi 
ether of tetramethylolmethane. Among these, from the 
standpoint of unifonnly and densely perfomiing the 
crosslinking and increasing the hydroxyl group content 

25 as high as possible, glycerol dimethacrylate and glycer- 
ol diacrylate are preferred. Those compounds can be 
used individually or in combination of two or more there- 
of. Furthermore, as long as the object of the present In- 
vention is not inhibited, another vinyl compound may be 

30 used in combination, if desired. 

[0020] In the present Invention , the crosslinkable vinyl 
ester having hydroxyl groups within the molecule or the 
crosslinkable vinyl ether having hydroxyl groups within 
the molecule and another vinyl compound which is add- 

35 ed, if desired (hereinafter these are referred to as "mon- 
omers"), are polymerized In aqueous suspension using 
as the diluent an organic solvent incapable of freely mix- 
ing with water but being relatively hydrophiilc, to form 
crosslinked polymer particles. 

40 [0021] The diluent for use in the present Invention Is 
not particulariy limited as long as it satisfies the condi- 
tion that the crosslinked polymer particle produced has 
an exclusion limit molecular weight of 100,000 or less 
in temns of the standard polystyrene by the size exclu- 

45 sion chromatography method. 

[0022] However, since a monomer having hydroxyl 
groups is mainly used, use of a diluent having higher 
affinity for the monomer causes further reduction in the 
exclusion limit molecular weight, and in this respect, a 

50 diluent mainly comprising an alcohol having from 5 to 
1 2 carbon atoms such as isoamylalcohol, 1 -hexanol, cy- 
clohexanol. 1-octanol, 2-ethylhexanoI, 1-decanol and 
1-dodecanol, is preferably used. Such diluents may be 
used individually or in combination of two or more there- 

55 of. 

[0023] The amount of the diluent added is from 1 0 to 
300% by mass, preferably from 20 to 200% by mass, 
more preferably from 25 to 1 00% by mass, based on the 
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total amount of monomers. If the amount added Is less 
than 10% by mass, the surface area of the crosslinked 
polymer particle Is excessively reduced and this is not 
preferred, whereas if rt exceeds 300% by mass, the 
crosslinked polymer particle Is disadvantageously defi- s 
clent in the physical strength. 
[0024] In the present invention, the polymerization re- 
action is performed in the presence of a polymerization 
initiator. Examples of the polymerization initiator include 
commonly used polymerization initiators such as azo- 
type compounds (e.g., 2,2'-azobis(fsobutyronitiile), 
2,2'-azobis(2,4-dimethyIvaleronitrile)) and organic per- 
oxides (e.g., benzoyl peroxide, dicumyl peroxide, dl-t- 
butyl peroxide, t-butyl perbenzoate, methyl ethyl ketone 
peroxide). These are used individually or In combination 
of two or more thereof. 

[0025] The concentration of the polymerization initia- 
tor is appropriately determined according to the kind of 
the monomers and the like and cannot be indiscrimi- 
nately specified; however, the concentration of the po- 
lymerization initiator is preferably from 0.1 to 5% by 
niass based on the total amount of monomers. 
[0026] In the present invention, a dispersion stabilizer 
is added to the aqueous phase at the aqueous suspen- 
sion polymerization. Examples of the dispersion stabi- 
lizer which can be used include water-soluble polymer 
compounds such as poly(vlnyl alcohol), alkyi cellulose, 
hydroxyalkyi cellulose, carboxyalkyi cellulose, sodium 
polyacrylate and gelatin. The concentration of the dis- 
persion stabilizer is not particularly limited but it is pref- 
erably from 0.1 to 5% by mass based on the water. 
[0027] In the present invention, a salt is preferably 
added to the aqueous phase at the aqueous suspension 
polymerization so as to prevent the monomer having hy- 
droxyl groups within the molecule or the alcohol-type 
diluent from dissolving In the aqueous phase. Examples 
of the salts which can be added include sodium chloride, 
calcium chloride and sodium sulfate. These salts may 
be used individually or in combination of two or more 
thereof. The concentration of the salt used is not partic- 
ularly limited but, for example, sodium chloride may be 
used In the range from 0.5 to 15% by mass based on 
the water. 

[0028] In the present invention, if the proportion of the 
aqueous phase to the oil phase is excessively large at 
the aqueous suspension polymerization, the amount of 
the monomer having hydroxyl groups within the mole- 
cule or the alcohol-type diluent which are dissolved in 
the aqueous phase increases, whereas if it Is too small, 
oil droplets are liable to associate. Accordingly, the 
mass of water used is preferably from 200 to 1 .000% by 
mass based on the total amount of the monomers and 
the diluent. 

[0029] Before starting the aqueous suspension po- 
lymerization, the oil phase and the aqueous phase are 
mixed and dispersed so that the oil droplets can have 
an objective particle size. For the dispersion, a stimng 
apparatus equipped with a stirring blade for the fonna- 



tion of fine partteles, a high-speed disperser (homoge- 
nizer) or the like may be used. 
[0030] In the case of forming a packing agent having 
a relatively large particle size, a stirring apparatus 
equipped wrth a stirring blade for the formation of fine 
particles is preferably used and in the case of forming a 
packing agent having a relatively small particle size, a 
high-speed disperser (homogenizer) is preferably used. 
[0031] The conditions for the polymerization reaction 
are not particularly limited thereto and ordinary condi- 
tions may be applied. For example, the polymerization 
reaction Is performed under stirring at a temperature of 
40 to lOO^'C for 3 to 24 hours, preferably at a tempera- 
ture of 50 to 80**C for 5 to 12 hours. 
[0032] The thus-obtained crosslinked polymer parti- 
cles are porous particles having an average particle size 
of 0.1 to 200 ^m. As the base particle of a packing agent 
for reversed phase chromatography, the average parti- 
cle size is preferably on the order of 1 to 1 00 \vm, more 
preferably from 1 to 10 [im. 

[0033] In the present invention, an acyl group having 
from 4 to 24 carison atoms Is ester-bonded to a part of 
hydroxyl groups in the crosslinked polymer particle hav- 
ing an exclusion limit molecular weight of 100,000 or 
less obtained above. If the acyl group has 3 or less car- 
bon atoms, the separation precision is deteriorated, 
whereas if the acyl group has 25 or more carbon atoms, 
the synthesis is difficult to pertonn and this is disadvan- 
tageous in the practical use. 

[0034] Examples of the acyl group having from 4 to 
24 carbon atoms, which is ester-bonded to a part of hy- 
droxyl groups in the crosslinked polymer particle of the 
present invention, include a tetracosanoyi group, a do- 
cosanoyl group, an eicosanoyi group, an octadecanoyi 
group, a hexadecanoyi group, a tetradecanoyi group, a 
dodecanoyi group, a decanoyi group, an octanoyi 
group, a 2-ethylhexanoyl group, a hexanoyi group and 
a butanoyi group. 

[0035] The reagent used for Introducing the acyl 
group may be an acid chloride, an acid anhydride, a de- 
hydration condensing agent with cariDoxylic acid, or a 
carboxylic acid active ester 

[0036] Specific examples thereof include a tetracosa- 
nolo acid, a docosanoic acid, an eicosanok; acid, a 
stearic acid, a palmitic acid, a myristic acid, a lauric acid, 
a decanoic acid, an octanoic acid, 2-ethylhexanolc acid, 
hexanoic acid, a butanoic acid, and acid chlorides, acid 
anhydrides and active esters thereof. Among these, in 
view of the reactivity and profitability, carboxylic acid 
chloride and carboxylic acid anhydride are preferred. 
[0037] This reagent is used, if desired, together with 
a catalyst in an organic solvent which does not reacts 
with the reagent itself. Examples of the organic solvent 
which does not react with the reagent itself include tol- 
uene, xylene, pyridine and tetrahydrofuran. Examples 
of the catalyst which can be used include pyridine, pl- 
collne and 4-(dimethylamino)pyridine. Among these, 
because it can function also as a base or a solvent, or 
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in view of profitability, pyridine Is preferred, 
[0038] In the present invention, the introduction ratio 
of the acyl group is suitably from 1 to 30 mol%, prefer- 
ably from 1 to 15 mol%, more preferably from 2 to 10 
mol7o, based on all hydroxy! groups in the base polymer. 
If the Introduction ratio of the acyl group is less than 1 
mol%, the separation efficiency decreases, whereas If 
It exceeds 30 mol%, the concept of hydrophoblzing only 
the particle surface is defeated and the peak of polycy- 
die aromatic compound is disadvantageously broad- 
ened. 

[0039] In practice, as long as the exclusion limit mo- 
lecular weight of the base particle is 100,000 or less, the 
hydroxy! group Inside the particle hardly causes a reac- 
tion even if excess reagent is used. Therefore, the in- 
troduction ratio of the acyl group scarcely exceeds 30 
mol%. 

[0040] However, for practical use, a method of using 
a reagent for introducing the acyl group In an amount of 
less than 100 mol% based on all hydroxyl groups in the 
base particle and hydrophobitizing only the vicinity of 
the particle surface in a necessary amount with In a short 
time period, is preferably used. 
[0041] For example, in the case where the base pol- 
ymer is a glycerol dimethacrylate homopolymer having 
an exclusion limit molecular weight of 100,000 or less 
and an octadecanoyi group is introduced thereinto, a 
stearoyi chloride Is used In an amount of 1 0 to 50 mol% 
based on all hydroxyl groups in the base particle togeth- 
er with a necessary amount of a base, whereby the 
packing agent obtained can form a very sharp peal< for 
polycyclic aromatic compounds and can have sufficient- 
ly high holding property. 

[0042] The packing agent In which an acyl group is 
Introduced as above may be used as it is In the column 
for reversed phase chromatography. However, when a 
free carboxyl group, which is considered to be produced 
In a slight amount during polymerization, is capped with 
an inactive group, a more excellent column prevented 
from the adsorption of basic substances can be provid- 
ed. 

[0043] The free carboxylic acid can be capped by uti- 
lizing an esteriflcation orarhidation reaction. Specifical- 
ly, a method of methyl-esterifying the free carboxyl 
group using 2,2-dimethoxypropane and a catalytic 
amount of concentrated hydrochloric acid, is preferably 
used because it Is simple, convenient and profitable. 
[0044] In the present invention, by perfomiing an op- 
eration of washing base particles with a polar organic 
solvent to.thoroughly remove hydroxyl group-containing 
impurities (for example, poly(vinyl alcohol) used In the 
dispersion stabilizer) and drying them by heating under 
reduced pressure immediately before the reaction of in- 
troducing an acyl group to thoroughly remove the resid- 
ual water content, not only the minimum desired amount 
of the reagent introduced can be reduced to an extreme, 
but also the produced column for reversed phase chro- 
matography can be more elevated In aging stability. 



These results are attained because a disadvantageous 
phenomenon is prevented from occurring, such that hy- 
droxyl group-containing impurities not covalently bond- 
ed to the packing agent are simultaneously acylated and 

5 gradually fail off on useof thecolumn. Examples of polar 
organic solvents used for washing include dimethylsul- 
foxlde, N,N-dlmethylformamlde, N,N-dimethyl-aceta- 
mide and N-methylpyrrolidone. With respect to the 
washing method, a method where the basic particles are 

10 dipped in a polar organic solvent for a fixed time, filtered, 
again washed on a funnel and then thoroughly purged 
with water is preferably used. In order to elevate the dis- 
solving rate and the solubility of hydroxyl group-contain- 
ing impurities, the base particles are preferably applied 

15 with an ultrasonic wave treatment immediately after the 
dipping or heated with stirring during the dipping. 
[0045] The column for reversed phase liquid chroma- 
tography of the present invention can be manufactured 
by filling the packing agent of the present invention Into 

20 an empty column made of stainless steel or plastic by 
dry filling or wet filling (slurry method). 
[0046] The thus-obtained column for reversed phase 
liquid chromatography of the present invention is char- 
acterized by having separation perfomiance equal to or 

25 higherthan the ODS column using a silica-type packing 
agent, particularly characterized in that the peak of poly- 
cyclic aromatic compounds is not broadened. Moreover, 
this column for reversed phase liquid chromatography 
is completely free of problems often encountered in 

30 ODS column, such as adsorption of basic substances 
and insufficient resistance against acid or alkali, and ex- 
hibits very excellent capability. 

EXAMPLES 

35 

[0047] The present invention is described in greater 
detail below by referring to the Examples, however, the 
present invention is by no means limited to these Exam- 
ples. Unless indicated otherwise herein, all parts, per- 
40 cents, ratios and the like are by weight. 

Example 1 : 

Step 1 : Synthesis of Base Material Gel 

45 

[0048] To a mixed solution containing 2,000 g of glyc- 
erol dimethacrylate and 1,000 g of 1-hexanol, 30 g of 
2,2'-azobis(isobutyronitrile) was dissolved to prepare an 
oil phase. Separately, 120 g of poly(vinyl alcohol) (Kura- 

50 ray Poval PVA-224, produced by Kuraray K,K.) was dis- 
solved in 3 € of water and thereto, 7 € of water and sub- 
sequently an aqueous solution (2 €) containing 240 g of 
sodium chloride were added and mixed to prepare an 
aqueous phase. The thus-obtained oil phase and aque- 

55 ous phase were mixed in a 20 f-volume stainless steel- 
made container and the mixture was placed in a high- 
speed disperser (homogenizer) and dispersed while 
controlling the revolution, number and the dispersion 
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time to obtain oil droplets having a nnaximum particle 
size of 5 \im, 

[0049] Thereafter, the dispersion was reacted at 60°C 
for 7 hours while stirring at 150 rpm. The resulting 
crossllnked polymer particles were centrif uged (at 2,000 
rpm for 1 0 rhinutes), the supernatant was removed, and 
the precipitate was dispersed in 1 2 € of hot water at 70''C 
(using an ultrasonic washer) and then stirred at 70^*0 for 
3 hours. The resulting dispersion was filtered by suction 
and the cake on the funnel was washed with 60 € of hot 
water at 70'C and subsequently with 18 € of acetone, 
air-dried by spreading the particles in a stainless steel- 
made vat and further dried under reduced pressure at 
60^*0 for 24 hours. These particles were classified by a 
pneumatic classifier to obtain 320 g of crossllnked pol- 
ymer particles having an average particle size of 4 ^m 
(hereinafter refered to as a "base material gel"). 

Step 2: Thorough Washing 

[0050] To 50 9 of the base material gel obtained in the 
above step 1 , 500 ml of dimethylsulfoxide was added. 
The resulting mixture was stirred under heating at 60'*C 
for 5 hours and then the particles were collected by fil- 
tration, washed in sequence with 500 ml of dimethylsul- 
foxide, with 2 € of hot water at 70*0 and with 300 mi of 
methanol, air-dried by spreading the particles in a stain- 
less steel-made vat and further dried under reduced 
pressure at 70^*0 for 24 hours to obtain 48 g of a thor- 
oughly washed base material gel. 

Measurement of Exclusion Limit Molecular Weight 

[0051] The thoroughly washed base material gel ob- 
tained in the above step 2 was filled into a stainless 
steei-made column of 4.6 mm (inside diameter) x 1 50 
mm (length) by a slurry method and after the displace- 
ment with THF, a series of standard polystyrenes were 
analyzed by G PC. The results were plotted and from the 
calibration curve obtained, the exclusion limit molecular 
weight was determined and found to be about 40,000. 

Step 3: Modification Reaction 

[0052] In 110 ml of toluene, 20 g of the thoroughly 
washed base material gel obtained in the step 2 was 
dispersed. After adding 3.9 g of pyridine thereto, the 
mixture was subjected to an ultrasonk; wave treatment 
for 3 minutes, and 6.0 g of stearoyl chloride was added 
dropwise thereto over 15 minutes while stirring and re- 
acted at 60°C for 6 hours. Insoluble matters were col- 
lected by filtration and washed in sequence with THF 
(250 ml), with denatured alcohol (250 ml), with dena- 
tured alcohol/Water at 1/1 (250 ml), with THF (250 ml) 
and then with methanol (250 ml) to obtain 35.57 g of a 
modified gel wetted with methanol. 



Step 4: Capping Treatment 

[0053] In 1 00 ml of 2,2-dimethoxypropane, 35.57 g of 
the modified gel wetted with methanol obtained in the 

5 above step 3 was dispersed. After adding thereto 2.0 ml 
of concentrated hydrochloric acid, the resulting disper- 
sion was subjected to an ultrasonic wave treatment for 
3 minutes and then stirred at 50**C for 2 hours. Insoluble 
matters were collected by filtration and washed in se- 

10 quence with methanol (250 ml), with methane I/water at 
1/1 (250 ml) and with methanol (250 ml). Then, the par- 
ticles were air-dried and further dried under reduced 
pressure at 60^C for 24 hours to obtain 21 .03 g of a cap- 
ping-treated modified gel. 

15 

Introduction Ratio of QctadecanoyI Group 

[0054] From respective elemental analysis values of 
the base material gel and the modified gel, the introduc- 
20 tion ratio of octadecanoyi group based on all hydroxyl 
groups in the base material gel was calculated and 
found to be 3.5 mol%. 

Measurement of Capability 

25 

[0055] The capping-treated modified gel obtained in 
the above step 4 was filled into a stainless steel-made 
column of 4,6 mm (inside diameter) x 150 mm (length) 
by a slurry method to manufacture a column for reversed 
30 phase liquid chromatography. Using this column, the 
theoretical plate number was measured forthe peaks of 
benzene and polycyclic aromatic compounds under the 
following measuring conditions for reversed phase liq- 
uid chromatography. 

35 

Measuring Conditions for Reversed Phase Liquid 



CH3CN/water= 65/35 (v/v) 

1 .00 ml/min 

40«C 

UV 254 nm 
benzene (5 ^l/ml) 
naphthalene (0.4 mg/ml) 
anthracene (0.005 mg/ml) 
pyrene (0.3 mg/ml) 
5^1 



[0057] As a result, the following values were obtained 
as the theoretical plate number for each peak. In the pa- 
rentheses, a ratio to the value of benzene taken as 1 is 
55 shown. Benzene: 15,100 (1.00), naphthalene: 13,300 
(0.88), anthracene: 13,800 (0.91) and pyrene: 12,100 
(0.80). 



25 



30 



35 



40 



45 



50 



Measuring Conditions 



Chromatography: 
[0056] 



Eluent 
Flow rate 

Column temperature 

Detector 

Samples 



Injection volume 
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Comparative Example 1 : 

Step 1 ; Synthesis of Base Material Gel 

[0058] The polymerization, washing, drying and clas- 
sification were perfomied in the same manner as in Ex- 
ample 1 except for using cellosotve acetate In place of 
1 -hexanol, as a result, 340 g of crosslinked polymer par- 
ticles having an average particle size of 4 fim was ob- 
tained (hereinafter referred to as a "base material gel"). 

Step 2: Thorough Washing 

[0059] In the same manner as in Example 1 , 48 g of 
a thoroughly washed base material gel was obtained. 

I\4easurement of Exclusion Limit Molecular Weight 

[0060] The exclusion limit molecular weight was de- 
temiined in the same manner as In Example 1 and found 
to be about 700,000. 

Step 3: Modification Reaction 

[0061] In the same manner as in Example 1 , 36.87 g 
of a modified gel wetted with methanol was obtained. 

Step 4: Capping Treatment 

[0062] In the same manner as in Example 1 , 22.54 g 
of a capping-treated modified gel was obtained. 

Introduction Ratio of OctadecanoyI Group 

[0063] From respective elemental analysis values of 
the base material gel and the modified gel, the introduc- 
tion ratio of octadecanoyI group based on all hydroxyl 
groups in the base material gel was calculated and 
found to be 4.1 mol%. 

Measurement of Capability 

[0064] In the same manner as in Example 1 , the the- 
oretical plate number was measured for the peaks of 
benzene and polycyclic aromatic compounds. 
[0065] As a result, the following values were obtained 
as the theoretical plate number for each peak. In the pa- 
rentheses, a ratio to the value of benzene taken as 1 is 
shown. Benzene: 12,000 (1.00), naphthalene: 10,500 
(0.88), anthracene: 6,040 (0.50) and pyrene: 3,980 
(0.33). 

Comparative Example 2: 

[0066] In 1 5 ml of toluene, 4.0 g of the capping-treated 
modified gel obtained in Example 1 was dispersed, and 
thereto a mixture of 24 mg of 4-(dimethylamino)pyridine, 
3.1 g of pyridine and 2.0 g of acetic acid anhydride was 



added. The container was tightly closed and the disper- 
sion was subjected to an ultrasonic wave treatment for 
20 minutes and then left standing at room temperature 
overnight. The gel obtained was collected by filtration, 
5 washed in sequence with THF, with denatured alcohol, 
with water, with acetone and with methanol each In 50 
ml, then air-dried and further dried under reduced pres- 
sure at eo'^C for 24 hours. 

[0067] The thus-obtained modified gel, in which the 
10 remaining hydroxyl groups were acetylated, was filled 
into a stainless steel-made column of 4.6 mm (inside 
diameter) x 1 50 mm (length) by a slurry method to man- 
ufacture a column for reversed phase liquid chromatog- 
raphy. Using this column, the theoretical plate number 
IS was measured for the peaks of benzene and polycyclic 
aromatic compounds under the same measurement 
conditions as described in Example 1. 
[0068] As a result, the following values were obtained 
as the theoretical plate number for each peak. In the pa- 
20 rentheses, a ratio to the value of benzene taken as 1 Is 
shown. Benzene: 13,100 (1.00), naphthalene: 11,100 
(0.85), anthracene: 8,780 (0.67) and pyrene: 7,200 
(0.55). 

25 Comparative Example 3: 

[0069] Using commercially available polymer-type 
Reversed Phase Column-A (using a packing agent hav- 
ing an average particle size of 5 ^m in which an octa- 
30 decanoyi group is introduced into a poly(vinyl alcohol) 
particle crosslinked with triallyl isocyanurate; 4.6 mm 
(inside diameter) x 150 mm (lerigth)), the theoretical 
plate number was measured for peaks of benzene and 
polycyclic aromatic compounds under the measure? 
35 ment conditions described In Example 1 . 

[0070] As a result, the following values were obtained 
as the theoretical plate number for each peak. In the pa- 
rentheses, a ratio to the value of benzene taken as 1 is 
shown. Benzene: 8,210 (1.00), naphthalene: 5,360 
40 (0.65), anthracene: 3,850 (0.47) and pyrene: 2,950 
(0.36). 

Comparative Example 4: 

45 [0071] Using commercially available polymer-type 
Reversed Phase Column-B (using a packing agent hav- 
ing an average particle size of 5 p/n, which is obtained 
by homo-polymerizing ethylene glycol dimethacrylate; 
4.6 mm (Inside diameter) x 150 mm (length)), the the- 
50 oretical plate number was measured for the peaks of 
benzene and polycyclic aromatic compounds under the 
measurement conditions described in Example 1 . 
[0072] As a result, the following values were obtained 
as the theoretical plate number for each peak. In the pa- 
ss rentheses, a ratio to the value of benzene taken as 1 is 
shown. Benzene: 8,900 (1.00), naphthalene: 7,030 
(0.79), anthracene: 6,770 (0.76) and pyrene: 4,500 
(0.51). 



30 



35 
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Comparative Example 5: 

[0073] Using commercially available ODS Column C 
(using a paclcing agent having an average particle size 
of 4 ^m, in whicli an octadecyl group Is Introduced Into 
silica gel; 4.6 mm (inside diameter) X 1 50 mm (length)), 
the theoretical plate number was measured for the 
peaks of benzene and polycyclic aromatic compounds 
under the same measurement conditions as in Example 
1. 

[0074] As a result, the following values were obtained 
as the theoretical plate number for each peak. In the pa- 
rentheses, a ratio to the value of benzene talcen as 1 is 
shown. Benzene: 16,000 (1.00), naphthalene: 13,800 
(0.86), anthracene: 13,300 (0.83) and pyrene: 12,600 
(0.79). 

Comparative Example 6: 

[0075] Using commercially available ODS Column B 
(using a packing agent having an average particle size 
of 5 \xm, in which an octadecyl group is introduced Into 
silica gel; 4.6 mm (inside diameter) x 1 50 mm (length)), 
the theoretical plate number was measured for the 
peaks of benzene and polycyclic aromatic compounds 
under the same measurement conditions as in Example 
1. 

[0076] As a result, the following values were obtained 
as the theoretical plate number for each peak. In the pa- 
rentheses, a ratio to the value of benzene taken as 1 is 
shown. Benzene: 12,700 (1.00), naphthalene: 11,800 
(0.93), anthracene: 9,900 (0.78) and pyrene: 8,700 
(0.69). 

[0077] According to the production process of a pack- 
ing agent for reversed phase liquid chromatography of 
the present invention, a high-performance packing 
agent for reversed phase liquid chromatography can be 
produced. The column for reversed phase liquid chro- 
matography obtained by filling the packing agent for re- 
versed phase liquid chromatography of the present in- 
vention has high separation capability. Therefore, when 
the column is used In the analysis method by reversed 
phase liquid chromatography of the present invention, 
high-precision separation/analysis can be attained par- 
ticularly for medical/agricultural chemicals, food addi- 
tives and their Intermediates, for natural or synthetic pol- 
ymers and their additives and for environmental pollut- 
ants. Thus, the present invention is useful in the field 
over a wide range. 

[0078] While the invention has been described in de- 
tail and with reference to specific embodiments thereof, 
It will be apparent to one skilled in the art that various 
changes and modifications can be made therein without 
departing from the spirit and scope thereof. 



Claims 

1. A packing agent for reversed phase liquid chroma- 
tography, comprising crosslinked polymer base par- 

5 tides (1) obtained by aqueous suspension-polym- 
erization of a crosslinkable vinyl ester or vinyl ether 
containing hydroxyi groups and (2) having an exclu- 
sion limit molecular weight of 100,000 or less in 
terms of standard polystyrene by size exclusion 

10 chromatography, wherein an acyl group having 
from 4 to 24 cartDon atoms Is ester-bonded to a part 
of hydroxyi groups in the crosslinked polymer base 
particles. 

IS 2. The packing agent for reversed phase liquid chro- 
matography as claimed in claim 1 , wherein the acyl 
group is Introduced in an amount of from 1 to 30 
mol% based on all hydroxyi groups In the 
crosslinked polymer base particles. 

20 

3. The packing agent for reversed phase liquid chro- 
matography as claimed in claim 1 or 2, wherein the 
acyl group is one or more group selected from the 
group consisting of a tetracosanoyi group, a do- 

25 cosanoyi group, an eicosanoyi group, an octade- 
canoyl group, a hexadecanoyi group, a tetrade- 
canoyl group, a dodecanoyi group, a decanoyi 
group, an octanoyi group, a2-ethylhexanoyl group, 
a hexanoyi group and a butanoyi group. 

30 

4. The packing agent for reversed phase liquid chro- 
matography as claimed in any one of claims 1 to 3, 
wherein a free carboxyl group In the crosslinked pol- 
ymer base particles is capped with an inactive 

35 group. 

5. The packing agent for reversed phase liquid chro- 
matography as claimed in any one of claims 1 to 4, 
wherein the crosslinked polymer base particles 

40 have an average particle size of from 1 to 200 \vn\. 

6. A process for producing a packing agent for re- 
versed liquid chromatography, comprising 

45 polymerizing in an aqueous suspension a 

crosslinkable vinyl ester or vinyl ether contain- 
ing hydroxyi groups to obtain crosslinked poly- 
mer particles. 

classifying the obtained crosslinked polymer 
50 ' particles into crosslinked polymer base parti- 

cles having an exclusion limit molecular weight 
of 1 00,000 or less in terms of standard polysty- 
rene by size exclusion chromatography, and 
ester-bonding an acyi group having from 4 to 
55 24 carbon atoms to a part of hydroxyi groups in 

the crosslinked polymer base particles. 

7. The production process of a packing agent for re- 
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versed phase liquid chromatography as claimed In 
claim 6, wherein at least one hydrophllic solvent se- 
lected from the group consisting of alcohols having 
from 5 to 12 carbon atoms is used as a diluent for 
aqueous suspension polymerization. 

8. The production process of a packing agent for re- 
versed phase liquid chromatography as claimed in 
claim 7, wherein the diluent is added in an amount 
of 1 0 to 300% by mass based on a total amount of 
monomers. 

9. The production process of a packing agent for re- 
versed phase liquid chromatography as claimed in 
any one of claims 6 to 8, wherein the acyl group is 
introduced in an amount of 1 to 30 mol% based on 
all hydroxyl groups in the crosslinked polymer base 
particles. 

10. The production process of a packing agent for re- 
versed phase liquid chromatography as claimed in 
any one of claims 6 to 9, wherein the acyl group 
Introduced is a group selected from the group con- 
sisting of a tetracosanoyi group, a docosanoyi 
group, an eicosanoyi group, an octadecanoyi 
group, a hexadecanoyi group, a tetradecanoyi 
group, a dodecanoyi group, a decanoyi group, an 
octanoyi group, a 2-ethylhexanoyl group, a hex- 
anoyl group and a butanoyi group. 

11. The production process of a packing agent for re- 
versed phase liquid chromatography as claimed in 
any one of claims 6 to 1 0, wherein a free carboxyl 
group in the crosslinked polymer base particles is 
capped by an inactive group. 

12. The production process of a packing agent for re- 
versed phase liquid chromatography as claimed in 
any one of claims 6 to 11 , further comprising wash- 
ing the crosslinked polymer base particles with a 
polar organic solvent and drying immediately before 
Introducing an acyl group. 

13. A column for reversed phase liquid chromatography 

comprising the packing agent for reversed phase 
liquid chromatography as claimed in any of the 
claims 1 to 5. 



tenms of standard polystyrene by size exclusion 
chromatography, wherein an acyl group having 
from 4 to 24 cartDon atoms is ester-bonded to a part 
of hydroxyl groups in the crosslinked polymer base 
s particles. 

15. The method for analyzing a sample containing a 
polycyclic aromatic compound by reversed phase 
liquid chromatography as claimed in claim 14, 
^0 wherein peaks of benzene, naphthalene, anthra- 
cene and pyrene each deviate from a base line and 
a ratio of a theoretical plate number of pyrene to a 
theoretk:al plate number of benzene Is 0.7 or more. 

15 



25 



30 



35 



40 



14. A method for analyzing a sample containing a poly- 
cyclic aromatic compound by reversed phase liquid 50 
chromatography, comprising using a column for re- 
versed phase liquid chromatography comprising 
packing agent for reversed phase liquid chromatog- 
raphy comprising crosslinked polymer base parti- 
cles (1 ) obtained by aqueous suspension-polymer- S5 
ization of a crosslinkable vinyl ester or vinyl ether 
containing a hydroxyl group and (2) having an ex- 
clusion limit molecular weight of 100,000 or less in 
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